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Abstract

This is the first semi-annual report for NAS5-97039 summarizing work performed for

January 1997 through June 1997. Work in this project is related to NAS 1-20666, also

funded by NASA ACMAP. The work funded in this project also benefits from work at

AER associated with the AER three-dimensional isentropic transport model funded by

NASA AEAP and the AER two-dimensional climate-chemistry model (co-funded by

Department of Energy).

The overall objective of this project is to improve the understanding of coupling

processes between atmospheric chemistry and climate. Model predictions of the future

distributions of trace gases in the atmosphere constitute an important component of the

input necessary for quantitative assessments of global change. We will concentrate on the

changes in ozone and stratospheric sulfate aerosol, with emphasis on how ozone in the

lower stratosphere would respond to natural or anthropogenic changes. The key modeling

tools for this work are the AER two-dimensional chemistry-transport model, the AER two-

dimensional stratospheric sulfate model, and the AER three-wave interactive model with

full chemistry.



Progress in the Past Six Months

(I) Two-dimensional Chemistry-Transport Model

(I.1) Model Enhancements

(I. 1.1) Temperature distribution

In previous versions of the AER 2-D model, temperature-dependent reaction rate

constants were computed using k(<T(0,z,t)>) where <T(0,z,t)> is the zonal-mean

temperature at latitude 0, altitude z, and time of the year t obtained by interpolating monthly

zonal-mean temperature files. To account for the effect of longitudinal and temporal

variations in temperature on photochemical reaction rates, monthly zonal mean temperature

statistics were compiled for the 1979-1986 time period based on data from the

NCEP/NCAR reanalysis project (Kalnay et al., 1996). Probability distribution functions,

P(0,z,M)(T), defined to represent the probability of encountering the temperature T at

latitude 0, altitude z, during the month M were created by combining daily data for each

month and in each zonal band for the 8 year period. These distributions were found to be

much broader in winter than in summer at mid and high latitudes. Temperature-dependent

reaction rates are now calculated in the model by integrating the rate times the temperature

probability for each 1 K of the distributioia

<keff>(0,z,t) = fk(T)P(0,z,M)(T)dT

0

<keff>(0,z,t) is now used in the photochemistry calculation instead of k(<T(0,z,t)>). The

rates which are most sensitive to temperature variations are the heterogeneous reactions

such as CINO3+HCI and HOCI+HCI that occur on sulfate aerosols.

(I. 1.2) Incorporation of heterogeneous reactions on polar stratospheric clouds

A parameterization for calculating the surface areas of type I and type II polar

stratospheric clouds (PSCs) has been added to the AER 2-D model (Weisenstein et al.,

1997b). The parameterization is based on equilibrium vapor pressure calculations rather

than microphysics and is independent of the sulfate aerosol density. The local temperature

determines the equilibrium vapor concentration of HNO3 and H20. Excess HNO3 and

H20 are assumed to form nitric acid trihydrate (NAT) particles with 0.5 lam radius. At

lower temperature, excess water condenses to form ice particles. The radius of ice particles

is calculated based on the quantity of water available for condensation and the number of



NAT particles per cubic centimeter. The temperature distribution described above is

applied such that we calculated a NAT and ICE surface area at each temperature in the

distribution, multiply by the appropriate heterogeneous chemical rate at the same

temperature, and sum over the distribution. Our preliminary results with PSCs indicate

reasonable calculated surface area. However, since the transport circulation in the 2-D

model does not isolate air completely in the southern polar vortex, the Antarctic ozone hole

is not well-represented. HSCT assessment results show greater ozone loss due to aircraft

in the northern hemisphere when PSCs are included.

(I. 1.3) Mixing rate across the tropical barrier in the 2-D CTM

The tropical barrier reduces the mixing between the tropics and mid-latitudes in the

lower stratosphere and, thus has significant effects on tracer distribution in the

stratosphere. Therefore, it is important for the 2-D CTM to have realistic exchange rates

between the tropics and mid-latitudes. The exchange rate is determined by the eddy

diffusion coefficient Kyy in the model.

In an earlier study, we introduced a tropical pipe by reducing the Kyy in the tropics

from 0.3 to 0.03 (106 m2/sec) (Weisenstein, et al. 1996) in order to better simulate the

model calculated NOy/O3 ratio at the tropics. Recently, in situ measurements of chemical

species with a wide range of local lifetimes have been used to quantify the air exchange rate

between the tropics and mid-latitudes in the lower stratosphere from the tropopause to

around 21 km. It is found that the mid-latitude air is entrained into the tropical lower

stratosphere with a replacement time scale of 10-18 months (Minschwaner et al., 1996;

Volk et al., 1996; Grecu, et al., 1996). Meanwhile, Schoeberl et al. (1997) estimate the

mixing time between the tropics and mid-latitudes in the 20-28 km region to be at least 18

months using the QBO signals in N20/CH4 ratio and tropical winds from UARS

measurements. These results demonstrate that the tropical barrier allows a moderate

penetration.

The horizontal diffusion fluxes and mixing ratios of CC14, CF2C12, CFCI3, CH3CCI3,

CH4, HNO3, N20, NOy, and 03 calculated in the AER 2-D model are used to derive the

exchange rates between the tropical and mid-latitude lower stratosphere in the model. The

exchange rate for the original model (global diffuser model) with a Kyy of 0.3 x 106 m2/sec

in the lower tropical stratosphere is calculated to be about 5-6 months. The tropical pipe

model results show a much slower exchange rate of 38-60 months. Our studies showed

that values for Kyy of 0.13 x 106 m2/sec from the tropopause to 21 km and 0.07 x 106

m2/sec from 21 km to 35 km in the model (leaky pipe model) will generate exchange rates
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around 14 months below 20 km and 18 months in the 20-30 km region, in agreement with

estimates from measurements.

The model calculated lifetimes for species like N20 and CFCs in the leaky pipe model

are reduced by about 10% compared to the global diffuser model. Our model results show

that the calculated ozone response to HSCT engine emissions is also smaller in the leaky

pipe model. Some of these results were presented at the 1996 Winter AGU Meeting and

the 1997 NASA/AEAP annual meeting and we are writing a paper for publication.

(I. 1.4) Update of reaction rate constants

During May and June, chemical rates used in the 2-D CTM were updated according to

JPL-97 (DeMote et al., 1997). There were major changes in photolysis cross-sections for

HOBr, BrNO3, C1ONO2, and BrCI. The JPL-97 changes resulted in more ozone from 20

to 35 km and less ozone elsewhere, though differences are less than 3% at any point.

Bromine partitioning was changed significantly, with less HOBr and more BrO and BrNO3

in the stratosphere.

(1.2) Studies and Publications related to the 2-D CTM

(I.2.1) ODP of CH3Br

The AER 2-D CTM was used to compute the Ozone Depletion Potential (ODP) and the

Bromine Efficiency Factor (BEF) of CH3Br. These calculations, carried out before March

1997 have incorporated reaction rates from JPL-94 (DeMore et. al., 1994) along with new

laboratory data which have been published concerning the following reactions:

BrO + HO2 ---->HOBr + 02

BrNO3 + H20 (aerosol) --->HOBr + HNO3

BrNO3 + hv --->BrO + NO2

--->Br + NO3 -

(1)

(2)

(3a)

(3b)

Sander et al. (1997) reported a rate constant for reaction (1), the rate limiting step of the

BrOx/HOx cycle, which is effectively a factor of two smaller at stratospheric temperatures

than the present JPL-94 rate. A new expression for the sticking coefficient for

heterogeneous reaction (2) was given by Hanson et al. (1996). The sticking coefficient of



reaction (2) is now dependent on temperature and water vapor, with a maximum value of

0.8 in cold polar regions, replacing a constant sticking coefficient of 0.4 (Hanson and

Ravishankara, t995). Photolysis cross sections for reaction (3), recommended by JPL-94,

are based on measurements by Spencer and Rowland (1978) and assume a 100% yield via

channel (3b). Nickolaisen and Sander (1997) indicate a probable product branching for

reaction (3) with 74% proceeding along branch (3a) and 26% along (3b). Note that in

contrast to (3b), reaction (3a) does not lead to ozone loss (i.e. a null cycle). We used the

AER 2-D chemistry transport model (CTM) to assess the implications of the above reaction

rate changes on the ODP and BEF of CH3Br. The calculated CH3Br ODP and BEF, based

on an atmospheric lifetime of 0.84 years, from the AER 2-D CTM using JPL-94 are 0.36

and 44, respectively. Calculated values of the ODP and BEF with the updated rate

constants are 0.40 and 49, respectively, showing a 9.9% increase from the JPL-94

calculated ODP and BEF. Detailed comparisons of the two cases indicate that changes in

the BrO and HOBr concentrations are the primary cause for the 9.9% increase. These

changes are dominated by reaction (2), while reactions (1) and (3) combine to reduce

reaction (2)'s impact. During the summer months, a 5 -10% increase in BrO and a greater

than 30% decrease of HOBr for altitudes greater than 24 km are seen. Winter values show

similar results. JPL(1997) has adapted the rates discussed above for reactions (1), (2) and

(3). Thus, the most up-to-date calculated CH3Br ODP and BEF is from the combination of

reactions (1), (2) and (3) which gives values of 0.40 and 49, respectively. We plan to

recalculate the ODP and BEF with the full set of rate coefficients from JPL-97 (DeMore et

al., 1997). Note that an additional recommendation in JPL-97 concerns the photolysis

cross-section of HOBr, which was not included the analysis reported here.

A manuscript will be prepared to discuss the implications from the JPL-97 rate

recommendations.

(1.2.2) Chlorine loading of short-lived species

Current methods for estimating the concentrations of inorganic chlorine/bromine

species (Cly/Bry) in the stratosphere due to decomposition of tropospheric source gases

assume that the Cly/Bry concentration in the stratosphere is determined mainly by the

balance between production from in situ oxidation of the sot/rce gases in the stratosphere

and removal by transport of Cly/Bry out of the stratosphere. The rationale being that, for

source gases whose lifetime is of order several months or longer, the concentration of

Cly/Bry in the troposphere is small because they are produced at a relatively slow rate and

also removed efficiently by washout processes. As a result of the small concentration, the

rate at which Cly/Bry are transported to the stratosphere is expected to be small compared to



the in situ stratosphericproduction.Thus,thetransportof Cly/Bryfrom thetroposphere
contributeslittle to thestratosphericconcentration.In contrast,theoriginof stratospheric
Cly/Bry from reactive source gases with tropospheric lifetimes comparable to the washout

lifetime of Cly/Bry (of order 10-30 days) in the troposphere is distinctly different. The in

sit____qsource in the stratosphere is expected to be significantly smaller because only a small

portion of the source gas is expected to survive the troposphere to be transported into this

region. At the same time, these short-lived source gases produce appreciable amounts of

Cly/Bry in the troposphere such that transport to the stratosphere offers a larger source for

stratospheric Cly/Bry than in situ production. Thus, for reactive source species, simple

methods of estimating the concentration of stratospheric Cly/Bry that ignore the

tropospheric contribution will seriously underestimate the loading. Therefore, estimation

of the stratospheric Cly/Bry loading requires not only measurements of tropospheric source

gases but also measurements of Cly/Bry at the tropopause. We have further examined this

mechanism by using results from a two-dimensional chemistry-transport model. However,

in view of the importance of tropospheric transport on stratospheric loading, the detailed

values should be further evaluated using a three-dimensional model with appropriate

treatment of convective transport. A manuscript (Ko et al., 1997) was submitted to Journal

of Geophysical Research for review and is currently being revised in response to the

reviewers' comments.

(I.2.3) Mixing rates in the 2-D CTM

This work was discussed above in section (I. 1.3). A manuscript was submitted to

Journal of Geophysical Research (Shia et al., 1997b).

(II) 2-D Sulfate model

(II.1) Model Enhancement

Temperature probability statistics, as described above in (I. 1.1), have also been applied

in the AER 2-D sulfate model to the calculation of homogeneous nucleation rates.

Nucleation rates are very sensitive to temperature. Using only zonal mean temperatures,

nucleation is calculated to occur only in the tropical lower stratosphere/upper troposphere

and in a narrow region near the tropopause at all latitudes. With a temperature distribution,

nucleation is calculated to occur in a much wider area, including polar regions in winter

from 5 to 45 km. The global nucleation rate is enhanced by a factor of 10 and the

stratospheric nucleation rate by a factor of 3 with inclusion of a temperature distribution.

Aerosol surface area is also enhanced by 20% in the lower stratosphere.
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(II.2) Related studies and publications

(ll.B. 1) Documentation of the AER 2-D Sulfate Model

A paper describing the AER 2-D sulfate model appeared in JGR in June of 1997. This

paper (Weisenstein et al., 1997a) provides both a detailed description of the chemical and

microphysical features of the model and shows the calculated aerosol concentrations and

properties under background and volcanically-perturbed conditions. Sulfate precursor

species included in the model are H2S, CS2, DMS, OCS, and SO2. Aerosol particles in 40

size bins from 0.39 nm to 3.2 _m are modeled, assuming that all aerosols are strictly

binary water-sulfuric acid solutions without solid cores. Microphysical processes included

are homogeneous nucleation, condensation and evaporation, coagulation, and

sedimentation. The main source of condensation nuclei for the stratosphere is new particle

formation by homogeneous nucleation in the upper tropical troposphere. Though most

stratospheric aerosol models have assumed OCS oxidation to be the main source of

stratospheric sulfur, we have found this source to be inadequate to explain observed

background aerosol loading. We find that rapid convective transport of surface-produced

sulfur dioxide to the middle and upper troposphere can provide an additional source of

stratospheric sulfur, resulting in better agreement between the model and observations.

Our model is also successful at reproducing the magnitude of the stratospheric aerosol

loading following the Mt. Pinatubo eruption, but the calculated rate of decay of aerosols

from the stratosphere is faster than that derived from observations.

(II.B.2) Effect of Sulfur Emissions from HSCT on the Global Sulfate Layer

One application of the AER sulfate model has been to evaluate the possible impact of

emission of sulfur from high-speed civil transport (HSCT) aircraft operating in the

stratosphere. A hierarchy of models was used to investigate the impact of processes in the

wake of an aircraft on the calculated global ozone response to sulfur emissions. The core

model for this study was a version of the AER box model modified for calculation in the far

wake, including a wake dilution module and the microphysical module from the 2-D sulfate

model. We follow the evolution of aircraft emissions from the nozzle plane using three

numerical models: the Standard Plume Flowfield-II/Plume Nucleation and Condensation

model (SPF-II/PNC) used from the nozzle plane to 8 seconds after emission, the far wake

model used from 8 seconds to one week after emission, and the AER global 2-D chemistry-

transport/sulfate model run to steady state. Particle measurements in the wake of the

Concorde (Fahey et al., 1995) are used to place constraints on sulfur oxidation processes in

the engine and wake. Assuming similar characteristics for the proposed HSCT fleet, the

global ozone response is then calculated by the 2-D model. To explain the Concorde



measurements,weconsiderscenarioswith differentfractionsof SO3(2, 20and40%) in

thesulfuremissionsatthenozzleplane,andalsothepossibilityof otherunknown
heterogeneousor homogeneousoxidationof SO2in thewake.WeadoptanHSCTscenario
with emissionindices(EI) of NO,,andsulfurequalto 5 and0.4,respectively,andacruise

speedof Mach2.4(StolarskiandWesoky,1993).Usingthemodel-calculatedwake
processingof sulfuremissionsundertheaboveassumptionsandconstrainedby the
Concordeparticlemeasurements,wecalculatearangeof ozonedepletionat40-50°Nof
0.75- 1.0%,anarrowerrangethanthatcalculatedbyWeisensteinet al. (1996).Our
analysisshowsthattheglobalozoneresponseis moresensitiveto theassumedpartitioning
of sulfuremissionsbetweenSO2andSO3atthenozzleplanethanto thewakedilution rate.

Thisstudy,by Danilinet al. (1997)is acceptedfor publicationinJGR.

Anotherpaperdealingwith theimpactof sulfuremissionsfrom HSCTaircrafton

global ozone intercompares results from four independently-formulated sulfate aerosol

models (Weisenstein et al., 1997b). These models are the AER model, the Novosibirsk

State University model (in Russia), the Universita degli Studi-L' Aquila model (in Italy) and

the University of Cambridge model (in the U.K.). Emission scenarios are from Stolarski

et al. (1995) and assumptions regarding the form of emitted sulfur are similar to

Weisenstein et al. (1996). Rather than modeling chemical and microphysical processes in

the aircraft wake, the approach here is to assume that either 0%, 10%, or 100% of the

emitted sulfur is in the form of aerosol particles of 10 nm radius at the point when the

emitted material is diluted to grid-box size (a time period of approximately one week). All

models show much greater changes in aerosol surface area when emissions are assumed to

be 100% particles rather than gas phase SO2. Differences between models are deemed to

be due mainly to differences in model transport, though differences due to aerosol size

resolution are also explored. Ozone perturbations with EI(NOx)=5, EI(H20)= 1230, and

EI(SOz)=0.4 are compared between the models. Though model differences are significant,

the two models which include a temperature distribution to calculate heterogeneous reaction

rates calculate significantly greater ozone depletion. Sensitivities to polar stratospheric

clouds, background chlorine amount, additional heterogeneous reactions, and background

aerosol loading are also explored. This paper has been submitted to JGR, been reviewed,

and a revised manuscript submitted.
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(III) 2-D Interactive model

(III.l) Model Enhancement

The current version of the AER 3-wave interactive model has a coarse vertical

resolution of 3.5 km. To meet the future requirement for assessment studies, the resolution

is being refined to match the fine resolution of 1.2 km for the AER 2-D CTM. The model

with fine resolution is running on a SGI computer which is 8 time faster per CPU than the

computer used for calculations with the low resolution version. The results show some

differences in the temperature fields compared with that calculated in the model with coarse

resolution. We are examining the causes of the differences.

(111.2) Related Studies and Publications

(1II.2.1) Analysis of wave structure using UARS observed N20 and CH4

The derivation of eddy diffusion coefficients for chemical species in the AER 3-wave

interactive model is based on the linear eddy equation for tracers with a crucial assumption

that the eddy tracer concentration satisfies the linear wave equation so that the time and the

longitudinal dependence of the eddy tracer wave is exactly the same as that of the eddy

meridional velocity (See, e.g. Strobel, 1981; Shia, et al., 1997a). If the equation is valid,

the ratio of the amplitude of wave in the tracer distribution divided by local latitudinal

gradient of zonal mean mixing ratio should be the same for different long-lived species.

We used UARS/CLAES N20 and CH4 data to examine whether this is valid. The UARS

3B data supplies the time series describing the waves for different tracers for wave number

m = 0 to 6, at the selected latitudes and altitudes. We have examined several time periods

in the lower stratosphere in the northern hemisphere for wave numbers 1 to 3. In the

regions where the wave amplitudes are sufficiently large, the wave amplitudes scaled by the

local latitudinal gradient of zonal mean mixing ratio for N20 and CH4 are approximately

equal. This means that in those regions the assumption for deriving the eddy diffusion

coefficient is valid.

(III.2.2) The AER 3-wave model

The original manuscript for the 3-wave model was submitted to Journal of Atmospheric

Science 18 months ago. It was not accepted for publication after one revision. We

submitted a revised version of the manuscript to the Journal of Geophysical Research (Shia

et al., 1997a).
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(IV) 2-D Interactive Chemistry-Climate model (ICCM)

(IV.I) Model Description

The 2-D ICCM is based on coupling two existing models (or ICCM modules)

developed at AER: the refined seasonal-radiative-dynamical climate model (Wang et al.,

1990; Molnar et al., 1994, and MacKay et al., 1997a) and the interactive chemistry-

dynamics model (Ko et al., 1993 and Schneider et al., 1993).

The climate model and the chemistry model have the same meridional resolution, but

different vertical coordinates. The climate module has better representation of the

troposphere with finer tropospheric vertical resolution, more detailed atmospheric and

surface physics, and separate land and ocean sectors in each zone. The chemistry-

dynamics module has better representation of the stratosphere with finer stratospheric

vertical resolution, and explicit calculation of heat transport and mean residual circulation.

Because the physics and numerics of the two modules are different, we use a "modular"

method to couple them. This method allows the two modules to run in parallel, and to

exchange information continuously during long time integrations. Specifically, we use the

chemistry module stratospheric temperatures and trace gas concentrations as input for the

climate module during the time integration by replacing the stratosphere temperature field in

the climate module by the temperature calculated from the chemistry-dynamics module. We

also use the climate module tropospheric temperatures as input for the chemistry module.

Since Newtonian cooling is used in the troposphere of the $93 chemistry-dynamics

module, with climatological temperature (Cunnold et al., 1975) used as the "target"

temperature, we use the temperature calculated from the climate module to replace the

climatological "target" temperature. This is equivalent to forcing the tropospheric

temperature gradually toward that calculated by the climate module. This data exchanging

procedure provides the coupling of the two modules.

I1



(IV.2) Studies and Publications

(IV.2.1) Effect of ozone depletion on climate

In order to study the potential climatic effects of the ozone hole more directly and to

assess the validity of previous lower resolution model results, the latest high spatial

resolution version of the AER seasonal radiative dynamical climate model is used to

simulate the climatic effects of ozone changes relative to the other greenhouse gases. The

steady state climatic effect of a sustained decrease in lower stratospheric ozone, similar in

magnitude to the observed'1979 to 1990 decrease, is estimated by comparing three steady

state climate simulations: I) 1979 greenhouse gas concentrations and 1979 ozone; II) 1990

greenhouse gas concentrations with 1979 ozone; and III) 1990 greenhouse gas

concentrations with 1990 ozone. The simulated increase in surface air temperature

resulting from non-ozone greenhouse gases is 0.272 K. When changes in lower

stratospheric ozone are included, the greenhouse warming is 0.165 K which is

approximately 39% lower than when ozone is fixed at the 1979 concentrations. Ozone

perturbations at high latitudes result in a cooling of the surface-troposphere system that is

greater (by a factor of 2.8) than that estimated from the change in radiative forcing resulting

from ozone depletion and the model's 2xCO2 climate sensitivity. Our results suggest that

changes in meridional heat transport from tow to high latitudes combined with the decrease

in the infrared opacity of the lower stratosphere are very important in determining the

steady state response to high latitude ozone losses. The 39% compensation in greenhouse

warming resulting from lower stratospheric ozone losses is also larger than the 28%

compensation simulated previously by the lower resolution model. The higher resolution

model is able to resolve the high latitude features of the assumed ozone perturbation which

are important in determining the overall climate sensitivity to these perturbations.

This work appeared in the Journal of Climate (MacKay et al., 1997a).

(IV.2.2) Manuscript documenting the 2-D Interactive Climate Chemistry Model

The Atmospheric and Environmental Research (AER) two-dimensional (2-D)

Interactive Climate Chemistry Model (ICCM) is used to explore the interactions between

changes in atmospheric composition, temperature, and dynamics. The ICCM is composed

of two modules: 1) a 2-D seasonal radiative dynamical climate model with a mixed layer

ocean, thermodynamic sea ice, detailed radiation code for both solar and terrestrial

radiation, land and ocean sectors, and parameterized atmospheric and oceanic meridional

heat transport, and 2) a chemistry/dynamics model with a comprehensive gas phase

photochemistry (Ox, HOx, BRy, Cly, NOy, and methyl families), parameterized eddy

12



transport of heat, momentum, and atmospheric tracers, and interactive calculation of mean

transport. The primary difference between the ICCM and the chemistry/dynamics model is

that tropospheric temperatures are calculated interactively in the ICCM and are prescribed in

the chemistry/dynamics model. The results of a double CO2 experiment from the 2-D

ICCM are analyzed to illustrate its performance and to assess the differences, if any,

between it and the AER chemistry/dynamics model. The 2xCO2 increase in column ozone

is slightly greater in the ICCM than in the chemistry/dynamics model (3.5% relative to

3.1%). Also, the ICCM predicts an increase in stratospheric mean mass residual

circulation of up to I0%, where the chemistry/dynamics model did not. Both of these

differences result from a slightly different temperature structure in the lower stratosphere

between the two models. Overall the differences between the two simulations are relatively

small. One of the primary reasons for this is that both models presently have a relatively

weak exchange of energy, momentum, and chemical composition between the troposphere

and stratosphere. Thus, calculating tropospheric temperatures interactively has a small

influence in our present model framework. It is suggested that incorporating a three-wave

model structure into the ICCM will provide a more realistic simulation of stratospheric

wave activity and possibly an improved representation of stratosphere-troposphere

interaction.

The manuscript describing this work was submitted to Journal of Geophysical

Research (MacKay et al., 1997b).

(V) Assessment Related Activities

(V.1) The Second Model and Measurement Workshop

We are now in the process of gearing up for the Second Models and Measurements

(M&M II) exercise. AER will submit model results for each of the defined exercise.

Malcolm Ko was involved in defining two of the modeling exercises; one is the transport

run A5 which is the simulation of the SF6 distribution, the other is the photochemistry B3

experiment for which each modeling group will calculate the ozone distribution using

prescribed ozone production and loss fields so that difference_s in transport of ozone can be

compared among models. AER is providing the production and loss fields for this exercise

to the other modelers. Malcolm Ko and staff at AER will also lead the analysis effort on

the source gases.



(V.2) Ozone Assessment Report

Malcolm Ko was asked by Ron Prinn and Rudy Zander to be a co-author in chapter 1

of the 1998 Ozone Assessment Report. He will contribute a discussion of the atmospheric

lifetimes of long-lived species as calculated by numerical models and how they compared to

lifetimes derived from observations.

Jose Rodriguez was invited to be co-lead-author of chapter 2 with Michael Kurylo.

The chapter deals with the behavior of shorter-lived source gases that affect ozone.

(V.3) IPCC Report on Effect of Aviation

AER will be performing calculations for the ozone assessment of the supersonic fleet to

be reported in the IPCC Special Report on Aviation and the Global Atmosphere. The

modeling exercise includes a set of 12 experiments to assess the effects of HSCTs in the

stratosphere. Updated emission scenarios have been prepared for the 1997 assessment.

Sulfate aerosol surface area increases due to aircraft will be included in the scenarios. AER

has contributed these fields from calculations with our sulfate aerosol model. The results

will be reported in chapter 4 of the IPCC report. Malcolm Ko was invited by Charles

Jackman and Ivar Isaksen to be a co-author in the chapter.

Michael Danilin was invited by David Fahey to be a co-author in chapter 2. He will

work on a section related to how particles evolve in the aircraft plume.

(VI) The POLARIS Campaign

We were selected to join the Theory Team of the Photochemistry of Ozone Loss in the

Arctic Region in Summer (POLARIS) campaign. One of our tasks is to identify how the

data can be used to improve assessment models. Malcolm Ko joined the team at Fort

Wainright, Alaska during the May Deployment.
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Anticipated Activities in the next six months

We anticipate that we will spend most of July and August generating model results for

the Model and Measurement Workshop II and the IPCC report. This will be followed by

our contributions to the analyses of the results. We also hope to put the finishing touch on

several manuscripts to get them ready for publications.

The coupling between bromine and chlorine chemistries in the atmosphere (see e.g.

Danilin et al., 1996) makes it difficult to use bromine loading and ODP for CH3Br to

predict how ozone would respond to change in emissions of CH3Br. We plan to do

scenario calculations using the AER 2-D CTM to compute the ozone responses.

We will continue to participate in the POLARIS campaign. Malcolm Ko will join the

July deployment while Jose Rodriguez is planning to participate in the September

deployment.
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